The paleoclimate record makes it clear that rapid climate shifts of the 20th century are only a subset of possible climate system behavior that might occur in the absence of glacial conditions, and that climatic surprises could be a challenge for society even in the absence of significant greenhouse warming. P aleoclimatologists have been aware for decades that the climate system is capable of behavior quite unlike that of the present day. At the same time, however, paleoclimatology has tended to follow the lead of the climate dynamics community, and to pursue research primarily under the paradigm that the Earth's climate tends to change gradually in response to slowly changing climate forcing. For example, the first major revolution of modern paleoclimatology was the identification of a slowly oscillating Earth-Sun relationship as the pacemaker of the Ice Ages (i.e., ''Milankovitch Theory''). On the other end of the climate variance spectrum, early successes with seasonal to interannual climate prediction benefited from a well described stable mode of the El Niño͞Southern Oscillation (ENSO) variability in the late 1980s.
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However, a new paradigm of climate variability is emerging. Rapid step-like shifts in climate variability that occur over decades or less, as well as climatic extremes (e.g., drought) that persist for decades, occurred repeatedly in recent earth histor y. For example, a substantial amount of work now focuses on abrupt ice-age climate shifts (e.g., other papers in the Rapid Climate Change special feature of this issue of PNAS), and significant research has also focused on the abrupt climate shift that took place over the Pacific basin in the mid-1970s (1) . This mid-1970s shift represents a transition into a mode of variability characterized by frequent and strong El Niño conditions relative to earlier decades.
Here we review a representative subset of the growing body of paleoclimatic evidence regarding rapid climatic change since the last deglaciation and highlight the conclusion that climate variability in the past has changed substantially in response to altered climate forcing. Building on a recent review (2), we focus on rapid climate change of ''warm climates'' like those of today and the future, rather than on the well described rapid changes of glacial or deglacial climatesperiods of time when the Earth's climate system may have been heavily inf luenced by large Northern Hemisphere ice sheets. Equally important, we focus on climate phenomena (e.g., El Niño, monsoons, and drought) of primary interest to society. The growing body of paleoclimatic evidence indicates that the climate system may have many potential surprises in store for scientists and society alike. ies are revealing that the 20th century modes of variability and associated abrupt changes are but a subset of the full range of possible variability.
The chemistry and isotopic composition of annual growth bands of corals provide records that closely match instrumental record of ENSO variability. Pacific coral records spanning the last several centuries indicate that synchronous shifts in frequency domain variance take place at annual, interannual, and multidecadal periods (Fig. 1 ). Coral records of the past several centuries are revealing new modes of Pacific variability, providing more evidence that ENSO may change in ways that we do not yet understand. Hints are also emerging from coral, and other climate proxy data, that still other modes of variability typified periods before the past several centuries. An update ( Fig. 2 ; Table 1 ) to a previous review of published data (9) for the mid-Holocene (Ϸ7,000 to 5,000 years before present), a period known to have been characterized by seasonal insolation external forcing that was distinct from today (13) , confirms that midHolocene Pacific climate was also quite distinct from the present day. Data from mid-Holocene corals reveal that western Pacific surface waters were substantially warmer and saltier than present (Fig. 3 ). When compared with a variety of paleoclimatic data from around the tropical Pacific basin ( Fig. 2 ; Table 1 ), it becomes even more apparent that the climate of the mid-Holocene tropical Pacific was distinct from that of the last several centuries. Data from both the western and eastern Pacific suggest that interannual ENSO variability, as we now know it, was substantially reduced, or perhaps even absent ( Fig. 2 ; Table 1 ). The exact significance of this possibly unprecedented mode of tropical climate variability is difficult to assess because the spatial and temporal availability of paleoclimatic data for this time period remains relatively sparse. However, climate forcing of the mid-Holocene was more similar to today than are many of the projected forcing scenarios for the 21st century. This suggests that significant shifts in variability could take place in the future, even given modest greenhouse warming.
Case Study 2: African-Asian Monsoon Variability. Just as ENSO and Pacific variability seems to be susceptible to abrupt shifts, variability of the Earth's principal monsoon systems appears to be characterized by substantial interdecadal, and often abrupt, change. The sparse long records of Sahel rainfall suggests that conditions of the last couple decades may be unprecedented in the context of the last several centuries (ref. 14; Fig. 4 ) and also that shifts from one variability state (e.g., ''wet'') may shift to another (e.g., ''dry'') in the matter of a couple years. Over longer time scales, a similar picture emerges (Fig. 5) . Moisture balance records spanning the last 10,000 years from both East and West Africa indicate that large abrupt changes in monsoon moisture availability have occurred multiple times in the past (15) . This evidence for unprecedented abrupt change is clear; however, a lack of research prevents precise reconstruction, explanation, or modeling of the these changes. Although abrupt reductions in monsoon intensity during the last 6,000 year may have contributed to the demise of an entire civilization [i.e., the Indus Valley Civilization (17, 18) ], an understanding of major abrupt change associated with the Asian monsoon systems is even more elusive because of the current lack of research attention. The fact that more than one quarter of the Earth's population depends on monsoon rainfall for food and livelihood suggests that it is imperative that we learn more about the potential for future abrupt changes in monsoon variability.
Case Study 3: North American Drought Variability. Droughts are one of the most devastating natural hazards faced by the United States today [e.g., the brief 2-year drought ending in 1989 cost society more than an estimated 7 billion dollars (19) ]. The paleoclimatic record indicates the droughts of the 20th century were relatively minor compared with those in the past, and opens up the possibility that future droughts may be much greater as well (20) . The severe ''Dust Bowl'' drought of the 1930s only involved limited activation of eolian sand dunes and sand sheets; however, paleoclimate evidence indicates that much more severe and per- A recently produced paleodrought record raises the possibility that a sequence of different relatively stable states (or modes) of drought variability has characterized the U.S. High Plains over the last 2,000 years [ Fig. 6 (26) ]. This record suggests that the current mode of drought variability in the High Plains [and farther west (see ref. 20) ] is relatively wet and free of truly severe drought. The current mode of drought appears in sharp contrast with the period before approximately A.D. 1200 -1300 that was characterized by much longer and more severe droughts. These results indicate that the current mode of High Plains drought variability encompassing the modern instrumental record is not representative of the full range of drought variability. To understand the full range of drought variability in the High Plains, it is therefore imperative that we develop the paleoclimate observations, explanations, and process modeling that is needed to anticipate any future possible ''surprise'' shifts in the duration and severity of drought. For example, a recent paleoclimatic investigation (27) of the North Atlantic suggests that a shift in Atlantic variability may be linked to the rapid shift in drought variability by some poorly understood mechanism of ocean-atmosphere interaction.
A new paleoclimatic study of the relationship between ENSO͞Pacific variability and conterminous U.S. drought based on tree-ring reconstructions (28) confirms the instrumental-based relationship between Pacific sea-surface temperatures (SSTs) and U.S. drought (29, 30) . In addition, the paleoenvironmental proxy data suggest that modes of Pacific variability-drought relationship have changed significantly through time. The ENSO͞tree ring (28) analysis suggests that La Niña-related droughts extended throughout most of the conterminous U.S. in the late 19th century while being restricted to the southwestern U.S. for the last century. Their results also suggest that the modern relationship between El Niño and droughts in the southeastern U.S. was absent before the 1920s. Given the potential of drought to cause extreme economic and other hardship on U.S. society, there is an urgent need to expand current efforts to examine the paleoclimate record of the U.S. and adjacent oceans much more carefully to ensure that we are not surprised by a mode of climatic extremes [e.g., one of frequent decadal droughts (Fig. 6) ] that overwhelms the economic and emergency management mechanisms society has in place to deal with such natural disasters.
Conclusions.
Research focused on defining and understanding seasonal to interdecadal climate variability of the last several centuries by using seasonally to annually resolved paleoclimatic proxies is generating much needed insight, as well as the time series of past forcings and variability, needed for climate change detection and attribution. Nevertheless, our understanding of past abrupt climate change under warm climate conditions remains limited. Substantial progress in terms of understanding the large abrupt ''cold climate'' shifts of the last glacial and deglacial periods has contributed to the consensus that an abrupt shift in North Atlantic circulation is possible in the Fig. 3 .
Geochemically based SST data from a 5,800-year-old coral head from the Great Barrier Reef (see Fig. 2 and Table 1 , site C), indicating that maximum SSTs were 1.5°C warmer than those of today. Other data from the same coral head (not shown) indicate the region was subject to much higher evaporation at that time, as well as less interannual variability (after ref. 8). 5. (a and b) Century-scale hydrologic balance reconstructed from two widely separated sites in subtropical North Africa by using lake sediments illustrates that monsoon variability changes substantially over the last 10,000 (adapted from ref. 15) . In response to insolation forcing, the monsoon was much stronger than present between 10,000 and 4,000 years ago, but it was also subject to dramatic century-scale abrupt changes for poorly known reasons, just as Sahel precipitation has changed dramatically on interdecadal time scales in the late Holocene (Fig. 4) . Abrupt change in the North African monsoon may have been in response to abrupt changes in the North Atlantic, here represented (c) by seasurface density changes reconstructed from marine faunal and isotopic changes in sediment cores (data from ref. 16 ). Although the deglacial (i.e., 13,000 to 7,000 years ago) shifts have been linked with meltwater discharge events into the North Atlantic, the cause(s) of the later Holocene aridity and sea surface density events remain poorly understood. Fig. 6 . Lake salinity record reconstructed for Moon Lake, ND, illustrating drought variability over the last 2,000 years for an important agricultural region of the U.S. The severe droughts of the 1930s and 1890s (positive inferred salinity) are well reconstructed but were eclipsed by more extensive droughts before the beginning of the instrumental period. There is a large abrupt change in drought variability at approximately A.D. 1200. Before A.D. 1200, the High Plains were characterized by much more regular and persistent (e.g., interdecadal) droughts; the current wet climate mode did not always exist and could thus also change or end abruptly in the future. The mechanisms for major shifts in drought variability of the past are not well understood, and no processes model has successfully simulated these types of changes. Note that the gap in 17th century data coverage represents absence of data (data from ref. 26 ).
future (31, 32) . However, we still lack even a basic understanding of the many rapid climate shifts and events that have taken place outside the North Atlantic region during the Holocene. Investigation of warm climate rapid change and associated forcings (i.e., that of the present ''Holocene'' interglacial or in the future) lags the study of cold climate abrupt change, increasing the risk that future warm climate abrupt shifts in variability will not be anticipated. With the possibility that abrupt climate change becomes more frequent during periods of accelerated low-frequency climate change (e.g., related to greenhouse warming) comes the likelihood that climate predictions of the next decades will be plagued by unanticipated (and unwanted) climate surprises.
